1-Phosphatidylinositol 4-phosphate 5-kinase (EC 2.7.1.68): a proliferation- and malignancy-linked signal transduction enzyme.
The activity of PIP kinase (1-phosphatidylinositol 4-phosphate 5-kinase; EC 2.7.1.68), the second ATP-utilizing enzyme of 1,4,5-trisphosphate and diacylglycerol biosynthesis, was determined in the rat in a spectrum of transplantable solid hepatomas of different growth rates and in normal tissues of high and low cell renewal rates. In a standard isotopic method developed for the assay, the enzyme activity was linear with time for 4 min and proportional with protein concentration over a range of 0.05 to 1 mg per 0.135-ml reaction mixture. The apparent Km for the substrate PIP (phosphatidylinositol 4-phosphate) and for ATP and Mg2+ in normal liver were 0.06, 0.5, and 4.2 mM, respectively, and in rapidly growing hepatoma 3924A, 0.08, 0.7, and 7.1 mM. The kinase activity in adult Wistar rat liver was 0.046 +/- 0.003 nmol/h/mg protein. In hepatomas of slow and intermediate growth rates, PIP kinase activity increased 3.3-9.7-fold, and in hepatoma 3924A, it was elevated 45-fold over that of normal liver. When hepatoma 3924A cells were plated and expressed their proliferative program, enzyme activity increased 4.3-fold in mid-log phase. To further clarify the linkage between PIP kinase activity and proliferation, enzyme activity was determined in rat organs of high and low cell renewal capacity. The PIP kinase activity in rat thymus, bone marrow, spleen, and testes was 5.4-, 6.3-, 4.8- and 4.3-fold higher, respectively, than in normal rat liver; in lung, brain, skeletal muscle, renal cortex, and heart, the activities were low. In all tissues examined, the activity of PIP kinase was 4.6 to 18% of that of phosphatidylinositol kinase. Since enzymes of crucial significance frequently have short half-lives, the decay rates of PIP kinase were examined in liver, bone marrow, and hepatoma 3924A in rats injected with cycloheximide, which inhibits protein biosynthesis. In cycloheximide-treated animals, PIP kinase had the shortest decay rate (t1/2 = 0.12 h) in comparison with eight enzymes of purine and pyrimidine biosynthesis of rat bone marrow (t1/2 = 0.6 to 4.3 h). In liver and solid hepatoma 3924A, the activity of PIP kinase was degraded less rapidly (t1/2 = 5 h). The relationship of PIP kinase activity with proliferation and transformation is apparent in the high activity in thymus, bone marrow, spleen, and testes and in the increased activities in the rat hepatomas of different growth rates. The coordinate increases in phosphatidylinositol and PIP kinase activities suggest that the capacity for signal transduction is heightened in cancer cells.(ABSTRACT TRUNCATED AT 400 WORDS)